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ABSTRACT 

Tool Management is very critical for effective and 
uninterrupted operation of an FMS. Tool management normally 
comprises of (i) selection of tool and cutting conditions with 
the ohjectives of minimizing the cost of manufacturing operations 
and maximizing the rate of production for a given part design 
and specifications and machine tool characteristics, and 
(ii). Tool Planning and Control with the ohjectives of making 
available the right type of tool on the machine at right time 
while keeping the overall investment in tools a minimum. 

In the present thesis, several aspects of Tool Planning 
and Control are studied and the steps are identified. It is 
concluded that a computer-aided procedure integrating the func- 
tions of assigning the tools to various operations, procurement 
and replacement of tools, scheduling the regrinding of tools 
would meet to a great extent the objectives of Tool Planning 
and Control. 

With these in view. Systems Analysis is carried out and 
the ftmctions and inputs are identified along with the d^art- 
ments of the organization who may possibly interact with Tool 
Planning and Control, To meet these requirements a Tool 
Information System is designed to provide tool scheduling report, 
tool procurement plan, tool regrinding report, tool and machine 
utilization reports and a comprehensive report about tools,^ A 
database is designed for the information system using 
and is implemented on DEC-1090 Computer at I.I.T, Kanpur, 
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CHAPTER I 


INTRODUCTION 

1.1 DEVELOPMENT OF FMSs 

With the recent trend of increasing product design 
complexity cotpled with the requirement of higher reliability, 
con^jetitive market and diversified user requirements, the 
product life cycle is shortened. Consequently, a manufactur- 
ing syst«n should be equipped to produce a variety of products 
with least possible lead time at a minimimi possible cost. 
Con^uter Integrated Manufacturing l^stems (CIMS) are designed 
to meet these requirements. 

Conventional Manufacturing Systems and CIMS : 

For producing few varieties of parts in large volianea 
at high output rates. Transfer Lines are very efficient. These 
highly mechanised lines, however, are inflexible and cannot 
tolerate variations in parts design. 

For job shop and small batch manufacturing, on the 
other hand, stand alone NC machine tools have proved to be 
quite appropriate. In terms of manufacturing efficiency and 
productivity, a gap exists between the high-production rate 
• transfer machines and highly flexible NC machines. CIMS are 
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designed to fill this gap by combining the benefits of highly 
productive but inflexible transfer line, and a flexible but 
inefficient and low volume job shop. The relative position 
of the CIMS concept is illustrated in Fig. 1.1 [5]. 

Tvnes of CIMS o 

CIMS covering the medium part variety and medium pro- 
duction volume, can be further divided into finer categories. 
These categories represent different levels of compromise 
between the objectives of flexibility and production capacity. 
They are: 

(i) Special Manufacturing System 

(ii) Manufacturing Cell 

(iii) Flexible Manufacturing System (FMS) 

Fig. 1,2 [5] illustrates the general application guidelines 
of each of the three types. 

The Special Manufacturing System is designed to pro- 
duce a very limited number of different parts in the same 
manufacturing family. It is the least flexible CIMS, Manu- 
facturing cell is the most flexible but generally has the 
lowest production rate of the three types. It is at the 
opposite end of the mid volume range. The Flexible Manufac- 
turing System (FMS) covers a wide middle territory within 
the mid volume, mid variety production range. 
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Flexible Manxif a c tuijjig Systems (FMS) o 

An FMS in general, consists of a group of processing 
stations-numerically controlled machines, machining centres 
with automatic tool interchange capabilities and robots ~ 
linked together with an automatic material (work part) handl- 
ing system and automatic storage and retrieval system that 
operate as an integrated system under the control of a 
central computer. 

In FMS, most of the real time activities such as the 
actual machining operations, part movements and tool inter- 
changes are controlled by computers. The word flexibility, 
in FMS, connote si' 

(1) Product flexibility (being able to produce a 
variety of products) 

(2) Process flexibility (being able to generate alter- 
native routes for various operations), and 

(3) Program flexibility (being able to execute the 
operations unattended and in uninterrupted manner 
with the help of automated fixturing, inspection 
and feedback devices). 

Advant ages of Flexible Manufacturing System s^ 

Flexible Manufacturing Systems offer the following 
advantages over the conventional systems: 
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(a) Increased Machine Utilization 

(b) Reduced Direct and Indirect Labour 

(c) Reduced Manufacturing lead time 

(d) Lower in-process inventory 

(e) Scheduling flexibility 

(f) Greater productivity 

(g) Greater consistency and repeatability of the 
product 

(h) Increased reliability of the production systpm, and 

(i) Swifter response to new production requirements. 

1.2 PRODUCTION MANAGEMENT PROBLEMS IN FMSs 

The following production management problems have 
special significance to FMS. 

(1) Production Planning, 

(2) Process Planning, and ^ 

(3) Production Scheduling. 

1*2.1 Production Planning s 

Production Planning in this context is used to repre- 
sent the task of preparing Master Schedule. This becomes 
critical in systems like FMS, which are used to manufacture 
a wide variety and a large number of different parts and 
also where large investment is made in manufacturing facili- 
ties, The following five production Planning problems have 
been identified [s] , 
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(i) Part Type Selection Problems 

To determine a subset of part types for immediate and 
simultaneous processing from the total set of part t 3 ^es 
that have production requirements. 

(ii) Machine Grouping Problems 

To partition the machines into machine groups in such 
a way that each machine in a particular group is able to 
perform the same set of operations. 

(iii) Production Ratio Problems 

To determine the relative ratios at which the part types 
selected in problem (i) will be produced. 

(iv) Resource Allocation Problems 

To allocate the limited number of pallets and fixtures 
of each t 3 rpe among the selected part types. 

(v) Loading Problems 

To allocate the operations and the required tools of 
the selected part types among the machine groups subject to 
technological and capacity constraints of FMS.' 

1,2,2 Process Planning s 

Process planning involves determining the sequence of 
manufacturing operations required to produce a certain product. 
The resulting operation sequence is called a Route Sheet, 
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which is the listing of production operations and associated 
machine tools for work part. The problems of detemining 
appropriate cutting conditions and setting the time standards 
for the machining operations are also parts of process plann- 
ing. 

1,2.3 Production SchedifLing ; 

Production scheduling involves the assignment of start 
times and due dates for the components to be processed. Pro- 
duction scheduling is complex due to the following three 
reasons t 

(a) The number of machines in a shop are limited and the 
machines are of different types. A machine can perform several 
operations, and an operation can be performed by several 
machines . 

(b) A part may have alternative process routings that can 
be followed. 

(c) The number of individual parts to be scheduled is 
usually large. 



CHAPTER II 


TOOL MANAGEMENT IN FMS 


Tool Management is very critical for effective and 
uninterrupted operation of an FMS. Following aspects of EMS 
tend to enhance the significance of tool management as com- 
pared to the conventional manufacturing systems; 

(1) Flexible Scheduling 

(2) Need for swifter response to new production 
requirements 

(3) Unmanned operational needs 

(4) Need for greater utilization of the production 
systems where the investment is reasonably large 

(5) Shorter lead time requirements. 

Tool management consists of selecting the tool and 
cutting conditions, and Tool Planning and Control. 

2.1 SELECTION OF TOOLS AND CUTTING CONDITIONS; 

The types of tools are selected based on the part 
design, process requirement and the work piece characteristics. 
This is based on the knowledge of manufacturing technology. 
Usually the sequence of operations is determined by the part 
design. However, information regarding the availability of 
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"tools in "the sys"tem is used "to finalize "the production 
schedule -while maintaining the technological constraint of 
sequence of operations. This may, therefore, sometimes lead 
to find the optimal schedule with tool availability as a 
constraint. 

Cutting conditions for the machining operations usually 
consist of the speed, feed and depth of cut. Depth of cut 
is usually predetermined by the workpiece geometry and opera- 
tion sequence. Speed and feed of operations are determined 
using economic (total cost of machining) and technological 
(surface finish etc.) criteria from Machinability Data Systems. 
Two types of machinability data systems exists 

(i) Database Systems and 

(ii) Mathematical Model Systems. 

In the Database Systems, cutting conditions ere recommend-| 
ed by accessing the database which contains the data from 
laboratory experiments and shop experience. Mathematical 
model systems predict the optimum cutting conditions taking 
cost minimization or production rate maximization as the 
objective, 

2,2 TOOL PLANNING AND CONTROL (TPC)s 

The objective of Tool Planning and Control is to make 
the required tool of right type available on a machine on 
right time while keeping the total investment in tools at a 
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minimirai. It also involves determining the tool procurement 
plan and the regrinding schedule for each tool. Fig. 2.1 
gives a schematic presentation of Tool Planning and Control 
process. A detailed explanation of TPC is given below. 

The process starts with the acquirement of product 
drawings and specifications from the Computer Aided Design 
(CAD) department. The next step is to carryout the tool 
type selection and machine tool type selection for the pro- 
ducts depending on its configuration, specifications and the 
batch size. 

Tool type selection involves selecting the type of 
tools to be used for the operations and is done based on the 
requirements of surface finish, type of operation and produc- 
tion rate. Batch size gives the number of jobs to be scheduled 
in a given time. This gives information about the required 
production rate. The machine tool type is selected based on 
the production rate, quality of the product and the machine 
tool capability. 

The selection process is carried out by obtaining the 
information from Machine and Tool Databases. The tool data- 
base contains the information about the tool characteristics, 
tool life, number of regrindings that can be carried out, 
regrinding time and the cost of the tool. Machine database, 
on the other hand, consists of machine tool characteristics. 
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The next step is to determine the sequence of opera- 
tions. As exp>lained earlier, in Sec. 1,2, process planning 
undertakes the task of determining the sequence of opera- 
tions, cutting conditions and setting time standards. 

Production schediole is prepared after performing 
process planning. A production schedule is a Gantt chart 
of machine/ j oh sequence giving the start times and due dates 
for the operations. The inputs to production scheduling 
are Process Planning and hatch size. Single tool may not he 
able to serve all the products in a batch because of its life 
constraint, A tool is sent for regrinding after its life is 
over and to imdertake the remaining operations, a new tool 
of the same type is brought in. Batch size thus gives an 
idea of the requirement of the number of tools of the same 
type. 

Tool Planning and Control function having the objectives 
mentioned before in this section, is carried out as the next 
step. The input to this is the Gantt Chart from production 
scheduling and information from Tool Database. To make the 
right type of tool available on machine at the right time, 
the tool life monitoring is to be done. Because the same 
tool may be used in different conditions and in different 
machines, evaluation of tool life becomes difficult. Wear 
criterion can be used to over come this. In this thesis 
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Flank wear criterion is used to evaluate the tool life and a 
detailed explanation of this is carried out in Sec. 3.4. The 
amount of wear caused at the flank for each operation depends 
on the time of operation and the cutting conditions. The 
flank wear occured is compared with the maximum allowahle 
flank wear and the tools are sent for regrinding when the 
wear exceeds the limit. Tools having finished their maximum 
numher of regrinding are scrapped and new tools are procured 
to replace them. The following outputs generated by TPC serve 
to meet its objectives. 

(i) Tool Requirement Report: 

The required number of tools of each type are given in 
this report. This helps in procuring the tools on time so 
that production is not interrupted. 

(ii) Tool Scheduling Reports 

It is a report indicating the operations and their 
sequence, each tool has to perform. This report being provided 
in advance helps in making available the right tools on the 
machines on right times. 

(iii) Tool Procurement Reports 

It is a report giving the schedule of tool procurement 
and consequently the schedule of tools to be scrapped. Stock 
control unit procures the tools according to the plan and 
maintains the tool stock. 
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(iv) Tool Regrinding Reports 

A tool regrinding report informs the tool maintenance 
department about the schedule of tools to be sent for regrind- 
ing. The tool maintenance department thus can plan the regrini 
ing facilities to meet the schedule. 

(v) Tool and Machine Utilization Reports s 

FMS being a capital intensive manxifacturing system 
where huge amoxmts of capital is invested, the tool and 
machine utilization levels should be high to justify the 
investment. Tool and machine utilization reports provide 
the utilization levels of tools and machines respectively, 

2.3 NEED FOR TOOL DATABASES 

To perform the functions of TPC described in the 
previous section, a computerised Tool Information System is 
necessary. This information system can be developed either 
by a conventional file organization system or by a Database 
Management System. The concepts and relative merits of the 
two systems are discussed below. 

2,3.1 Conventional File Organization System? 

In this system, the operational data may be kept in 
indexed, sequential or relative (hash coded) files. This 
method has two advantages. They ares 

(i) Implementation is easy, and 

(ii) Storage organization can be changed easily. 
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However, retrieval of operational data, based on 
primary and secondary keys becomes really difficult and 
requires too many files to be maintained. This leads to 
inconsistency in data and does not allow integrated process- 
ing. So, independent programs must use independent files. 

This reduces the flexibility and overall reliability dramatica; 
and most of the real time requests are not satisfied. 

2,3.2 Database Management Systems (DBMS^ s 

Compared to conventional file organization systems, 

DBMS offers several advantages as given below? 

(1) Provides logical as well as physical data independence, 

( 2 ) Offers ease in system design and programming, 

( 3 ) Provides for concurrent usage and multiple host 
languages, 

(4) Offers effective system support and utilities are 
provided for controlling transactions and for user 
privacy and security of data, 

( 5 ) Provides a standard software interface for its users, 

(6) Reduces data duplication to an economic level, which 
saves storage space and increases access speed, 

( 7 ) Integrity of the data can be maintained, and 

(8) Standards can be enforced 

Inview of the above advantages of DBMS, a Tool Database 
is created for the Tool Information System. The position of 



Tool Database in the overall system and its interaction with 
other subsystems is shown in Fig. 2.2 [6], 

The sub- systems using the Tool Database include part 
programming, tool maintenance, stock control, production 
planning, process control and production scheduling. 

2,4 SCOPE AND ORGANIZATION OF THE THESIS: 

Systems Analysis is the starting block for the design 
of Tool Database k Chapter III is devoted for Systems Analysis 
where the functions, input considerations and the departments 
the organization who possibly may use TIS are considered. 

Chapter IV discusses the strategy used for the database 
design and explains the salient features of the database 
designed. 

The development and Implementation aspects of the Tool 
Information System is dealt with in Chapter V. 

In Chapter VI, conclusions are presented. 
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Fig. 2,2s Tool Database and its interaction with other* subsyst* 








CHAPTER III 


SYSTEMS ANALYSIS 


Systems Analysis is undertaken to design the tool 
database for which a clear understanding of the environment 
and operation of the system is essential. The following text 
describes the environment and operation of FMS considered. 

3.1 SYSTEM DESCRIPTIONS 

The Flexible Manufacturing System consists of a set of 
NC machine centres; The tools for all operations that can be 
performed by a machine are stored in its limited capacity- 
tool magazine. Parts are mounted on pallets manually or by 
a robot at a loading station and are moved by the Automatic 
Material Handling System to the work stations, following a 
computer controlled route. Automatic Materials Handling 
Systems include Automated guided vehicles, conveyors, indus- 
trial robots and pallet transportation systems, 

A central tool store serving all the machines is main- 
tained. The tool interchanging time and the time for trans- 
portation of tools from one machine to another is assumed to 
be sequence independent and hence is merged in the operation 
time. If a required tool is not fo^md on a machine, it is 
searched on the neighbouring machines. If not found on the 
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neighbouring machines, the tool is fetched from the central 
tool store. 

A tool after rendering service till its life is sent 
for regrinding. It is assumed that the system has ample 
regrinding facilities and the tool need not wait for regrind— 
ing. The tool after regrinding is sent to the tool stock. 

A tool completing its maximum number of regrindings is 
scrapped. 

3.2 USERS OF TOOL INFORMATION SYSTEM (TIS); 

The following subsystems use the tool information 

system: 

1 . Production Planning 

2. Process Control 

3 . Part Programming 

4. Tool Maintenance 

5. Stock Control, and 

6. Process Planning 

1, Production Planning; To generate a scheduling program, 
production planning system needs the information about the 
total availability of tools in stock and in the tool magazines 
of the machines. 

2, Process Control: The process control system needs the 
latest information about tools to effectively control the 
system operations, and it updates any changes in real time. 



20 


3. Part Programmings For writing part programs, the actual 
sizes of tools and their behaviour in different cutting conr- 
ditions is needed. The tool geometry is also used to check 
for the tool collision. 

4. Tool Maintenances Tool maintenance department needs the 
tool regrindirig schedule to plan for the regrinding facilities. 

5. Stock Controls Stock Control unit plans for the tool 
procurement after obtaining the tool procurement schediole. 

6. Process Plannings It needs the information about tools to 
arrive at a sequence of manufacturing operations for the 
product . 

5.3 FUNCTIONS OF TOOL INFORI^ATION SYSTEMS 

To meet the above mentioned users requirements, the 
Tool Information System has to perform the following functions? 

A tool scheduling report giving the operations and their 
sequence, each tool has to perform has to be provided. Prepare 
a tool procurement plan giving the schedule of tools to be 
procured. Provide a tool regrinding report, which indicates 
the schedule of tools to be sent for regrinding, A detailed 
description of these fuinctions is given in Sec, 2,2. And 
finally, provide tool status information. 

Tool Status Informations 

Info imiat ion about the size and geometry of tools is 
needed for part programming. Information about the availability 
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of tools in the system is needed for scheduling. The 
sequence of machining operations .takes into account the 
information about tools . 

To provide the above information, tool status reports 
giving the tool details are to be provided. Thus, a tool 
information system has to provide the following reports to 
meet the requirements. 

(i) Status of a tool 

(ii) Status of a set of tools 

(iii) Status of a type of tools 

(iv) Tools available on a machine 

(v) Tools in stock 

(vi) Tools of a material type 

3.4 METHODOLOGIES FOR TOOL SELECTION AND TOOL LIFE; 

The methodologies used for tool selection and tool 
life are given below; 

3*4,1 Tool Selection ; 

Tools for the machining operations are usually selected 
based on the type of operation, work material, required sur- 
face finish, work piece geometry and size, required dimensions 
of the work piece etc. The cutting conditions for the tool 
namely the speed, feed and depth of cut are selected consider- 
ing the tool and work piece material combination, surface 
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finish, work size, tool size, tool material characteristics, 
machine rigidity, coolant characteristics, tool geometry etc. 

In the present thesis, tool selection is done based on 
the type of operation, surface finish and the required dimen- 
sions on the work piece, 

3.^»2 Tool Life ' 

Tool life evaluation for the tools in operation in on 
rus becomes difficult because the same tool may be used in 
different cutting conditions and on different machines, A 
solution to this problem is to employ wear criterion for the 
tool life evaluation. In the present thesis an analytical 
model is used for the tool wear phenomenon. 

Tools usually fail by a process of gradual wear due to 
interaction between the chip and the tool, and between the 
work and the tool. After the tool has been in use for some 
time, wear land appears at the flank of the tool and also on 
the tool face forming a crater. The useful life of a tool 
is limited by the amount of tool wear. 

Flank wear is the criterion used lAhile machining brittle 
materials or when the feed is small. Both flank and crater 
wear take place when the feed is greater at low or moderate 
speeds, Hie crater wear effect on tool life is less when 
compared to flank wear in the usual cutting conditions. So, 
only flank wear criterion is used in the present thesis. 
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A quantitative term setting the limit of permissible 
value of wear is kno''.vn as criterion of wear . The criterion 
of wear is dependent on cutting speed, feed and depth of cut. 

It is predominently dependent on cutting speed. 

Flank wear, and time of operation bear a relation of 
the form [7] , 

h^ = C^T ^ 

where h^ = flank wear, T = time of operation and and are 
constants. depends on the work piece material and 
cutting conditions. depends on cutting conditions and it 
usually lies between 0.6 and 1.0. 

3 . 5 INPUT CONS IDERATIONS ; 

The following input has to be provided to the Tool 
Information System to perform the above mentioned functions! 

1. The job schedule giving the oob and operation sequence 
on the machine along with the start and finish times, 

2. The type of operation, 

3. The surface finish required, 

4. The tool material, and 

5. The required dimensions of the product. 

The criteria of tool selection and tool life should 


be also provided. 



CHAPTER IV 


DESIGN OF DATABASE ; 

I 

The design of tool database involves designing the dat< 
structure and identifying data items to be included in each 
record type. It also involves deciding the DBMS features 
to be incorporated in the database. The strategy adopted for 
tool database design is given below, 

4.1 DATA STRUCTURE DIAGRAM: 

Data structure design is carried out using the data 
structure diagram, which provides a notation to detail entiti 
and their associations. Fig. 3,1 gives a schematic represen- 
tation of the tool database using data structure diagram 
notations , 

A rectangle enclosing a name denotes an entity or reco 
type that is used in the database* A directed arrow connects 
two record types. The record type located at the tail is 
called the owner and at the head is called the member. The 
arrxjw directed from owner to member is called a set-type. 

The figure shows a number of set types where the owner 
is system. These are called singular sets and each imply an 
access path that passes through all occurrance of the member 
record type. These singular sets represent entry points into 




Fig. 4.1 DATA STRUCTURE DIAGRAM 
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the database in the sense that particular occurrances of the 
member records may be located by values of their constituent 
data items, with no need to have accessed other record types 
in the database. 

k,2 DATA ITEMS? 

The following data items are* provided in each tool 
record type to provide the required information to different 
users of tool database. They are, 

Tool number. Type of function (for example, a turning 
tool can be used to perfonn surface turning, facing or threading). 
Tool material. Tool fabrication type (solid, tipped oh inserted). 
Type of operation (rough, semi-finish or finish), Feed type 
(left hand feed, right hand feed or any feed). Tool angles, Tool 
dimensions. Availability on a machine. Tool life. Time for 
regrinding. Remaining regrindings, Slots occupied by the tool 
in the tool magazine and Cost of the tool. 

Additional data items required for certain record types 
are also provided depending on the requirement. 

4.3 DESIGN OF TOOL DATABASE SCHEIiAs 

Knowledge of DBMS-IO package is required to mderstand 
the database schema. The salient features of DBMS-lO package 
are provided in Appendix A, Complete features of DBMS-IO can 
be had from [l] and [2]. In this section the data description 
(SCHEMA) of tool database is discussed and the SCHEMA listing 
is provided in Appendix B. 
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DMCL Environment Entry: 

Back-up is done automatically and DECS is requested 
to note only the unanticipated exceptions. This entry also 
specifies that the journal file is on disk and the name of 
journal file is BAKUP.JRN, Twenty five records are used 
per page, 

D^K;L Area Entries: 

This specifies the physical storage details of the 
record occnrrances in the specified areas. In DBMS-10, each 
area is assigned to a file (file name. DBS), The maximum 
numiber of records that can bo stored on a page is the same 
as in Environment Entry. One CALC chain is put on a page. 
This need not be explicitly specified. The page range for 
a CALCED record type i.e. the record type whose location 
mode is CALC, must be odd because the way CALC algorithm 
works, the odd number will tend to cause a more even dis- 
persion of the CAID record occurrances throughout the area. 

DDL Schema and Area Entries: 

The statement SCiEMA NAME IS TOOL names the schema. 
Area entry statements follow this. All areas are named in 
this and the privacy locks for exclusive update, kept for 
the opening of the areas are specified. The present schema 
definition will not allow simultaneous updates though it is 
possible in DBMS- 10. The simultaneous updates are costlier 
and are used vtien ^e data is accessed by multiple users 
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simultaneously. The database is divided into seven areas 
namely TURN-AREA, DRILL-AREA, MILE-AREA, TAP-AREA, REAM-AREA, 
BORE-AREA and GRIND-AREA. 

DDL Record Entries s 

The tool database consists of twenty nine record 
types. Item description for various data items in each record 
type are self-explanatory. However, one record type (TURM- 
HSS-RECORD) is described as an example. 

TURN-HSS-RECORDj 

The first statement in this declaration names the 
record type. LOCATION MODE clause specifies the way in vdiich 
record occurrances should be placed and retrieved. For this 
record t3rpe VIA clause is specified. This clause specifies 
that the record is accessed in a TURN-HSS-SET. The WITHIN 
clause specifies the area in which the record should be 
placed. The TURN-HSS-RECOF© occurrances are placed in TURN- 
AREA, All data item descriptions are self explanatory. 

DDL Set Entries t 

The relationships between various record types, are 
described by means of sets. The sinplest type of set descrip- 
tion, known as singular set, is one in which the owner is 
inqplicitly the system. Since the system is unique owner, 
there can exist only one occurrance of such type. The main 
puipose of the sets is to access the occurrance of a particular 
record type in a particular sequence (i.e. sequential access). 
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There are in all twenty nine sets in the tool database. 
All these set descriptions follow the same format. TURN-HSS- 
SET .is described below as an example. 

After naming the set type as TURN-HSS-SET, the mode 
of the set is defined as CHAIN LINKED TO PRIOR. This indi- 
cates the mechanism for the manipulation of record occurrances 
within the set. It indicates the way member- record occurrances 
in the set are linked together, as well as to the owner. In 
this set, each record is linked to the next record as well as 
to the prior record. The ORDER clause specifies the insertion 
point of a member record occurrance within set occurrance and 
there by defines the order of logical linkage. ORDER IS 
ALWAYS NEXT specifies that the current member record occurrance 
is always next to the existing ones. The OWNER is clause 
specifies the owner record type. 

The MEMBER sub-entry names the member- record type. 

MEMBER is claiise names the member of the set. This is followed 
by a clause specifying the way of removal of any record 
occurrance from that set occurrance and another clause specify- 
ing how the member record occurrances are initially placed in 
set occurrances. The MANDATORY specification indicates that 
once an occiorrance of TURN-HSS-RECORD record is placed in ; 

TURN-HSS-SET set, it may not be removed from the set occurrancej 
without actually deleting the record occurrance. The AUTCMATK 
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specification specifies that each time a new occurrance of 
TURN-HSS-RECORD is stored in the database, it is automatically 
inserted into the TURN-HSS-SET set. The SET SELECTION clause 
allows the system to support AUTOMATIC insertion of member 
record occurrances into appropriate set occurrances. CURFIENT 
OF SET dictates DECS to select the current occurrance of the 
set type named in the set entry as the set occurrance into 
which the record occurrance must be inserted. 

DDL Sub- Schema Entries'- 

A sub-schema description written in sub-schema DDL 
consists of sub-schema identification, AREA section, RECORD 
section and SET section. 

Sub-schema identification entry names the sub-schema 
within a schema and a3 so specifies a privacy lock for access 
to the sub-schema by runr- units. 

The AREA section specifies all the areas that are to be 
included in the sub-schema, ^he RECORD section defines the 
records of the schema that are to be included in the sub- 
schema. The SET section defines the sots of schema that are 
to be included in sub- schema. 



CHAPTER V 


DEVELOPMENT AND IMPLEMENTATION 


To perform the functions of tool information s^^'stem, 
programs are developed in COBOL and are implemented on 
DEG-IO 9 O system at IIT Kanpur. The features of the programs 
developed are briefly discussed in the follovning text. 

1. LOADING PROGRAI^Is 

This program loads the data into the tool database. 
The flow chart is presented in Fig. 5.1. 

The input to the program is the data to be loaded 
into the database. A description of tool database is given 
in Sec. 4.3. Checks are x^erformed by the program to check 
the validity of the data. This ensures that only the valid 
records are entered and the invalid ones are rejected. 

2. TOOL PLANNI^K PROGRA>Is 


Tool planning functions and tool selection are per- 
formed by this program. A description of tool planning 
functions and tool selection process has been made in Sec. 
2.1 and 2,2. The criteria used for tool selection and tool 
life are discussed in Sec. 3.4. The flow diagrara to the 
program is shown in Fig. 5.2. 

H t hhi. 

!Nb. «#***«.'*' 
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Input to the program includes the ooh schedule along 
with the type of oper.'.tion, surface finish requirement, tool 
material and required dimension of the product. The following 
output reports are generated ^ 

(i) Tool schedu3.ing report 

(ii) Tool scrap/procurement report 

(iii) Tool regrinding report 

(iv) Tool utilization report, and 

(v) Machine utilization report 

3. TOOL INFOMATIOh PROGRAMS 

Tool st ■•tus information can he obtained from this 
program. Details about tool status information are given in 
Sec. 3.3. A good user interface is provided in this program. 
Because of the on-line and real time tool information require- 
ments, the program is made us^r friendly and the information 
is displayed on the terminal. Fig. 5.3 gives the flow chart 
for this program. The following information about tools can 
be obtained from the programs 

(a) Status of a tool 

(b) Status of a set of tools 

(c) Status of a type of tools 

(d) Tools in stock 

(e) Tools in regrinding 

(f) Tools on a machine 



33 


4. UPDATE PROGRAM; 

Any update to a tool record can be performed by this 
program. This is an interactive program, helping the user 
to carryout updating. The flow chart of this program is 
given in Fig. 5,4. 

5 . INSERT PROGRAJyis 

A new tool record can be inserted into the database 
using this program. As in loading program, checks are per- 
formed to check the validity of the data. The program is 
similar to the loading program and the flow chart is given 
in Fig. 5.1, 

San^le reports and listings generated by the above 
mentioned programs are given in Appendix C. 

5.1 BACKUP STRATEGY AND RECOVERY OF DATABASES 

The backup and recovery procedures are important when 
recovering from catastrophic situations such as the loss of 
media, system failure, power failure or fatal human error. 

The packages in DBMS provide an alternative against such 
failures by allowing pre-image posting. 

\#ien an updating run- unit accesses the database, it 
has the potential of making damaging changes to the database, 
DBMS provides means to remove the changes made during the 
execution of a run unit. This is done by the use of journal 
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file. Each time o run- unit updates a page in the database, 
DBC3 writes a IjEFORS image of that particular page in the 
journal file, a BEFORi image is a cop 3 ' of a database page 
before the page is modified. For bringing back a old copy, 
an utility program called DBMKD is orovided in the s^rstem. 



CHAPTER VI 


CONCLUDING REMARKS 

A tool information system based on a database is developed 
for the use of various functions of manufactinring system, namely, 
l) Part programming, 2) Production Planning, 3) Process Planning, 
4) Process Control, 5) Tool Maintenance, and 6) Tool Stock 
Control , 

Programs for initial loading, tool planning and control, 
tool information, updating and inserting are developed. Various 
reports like tool scheduling report, tool regrinding report, 
tool procurement report, tool utilization report and machine 
utilization reports are prepared. 

For a given tool, a set of tools, or a type of tools the 
system provides the information about the status of tool(s) 
specifying whether in operation on a machine, lying idle on a 
machine, in stock or at the regrinding centre. It also provides 
the information with fiJll details about all the tools available 
on a machine, in stock or at the regrinding centre. 

For a given set of jobs with complete production schedule, 
the system generates the schedule for tod loading, regrinding, 
prociirement and scrap. The system provides the facility of 
updating the tool records also. A good user interface is pro- 
vided in the system. The system is inrplemented on DEC-1090 
Cooiputer at IIT Kanpur. 
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The above mentioned outputs of the syatem can also be 
used for financial planning and control of investments in 
tools and their maintenance. As an extension, a complete 
tool selection process can be carried out by developing a 
separate database and integrating it with the tool database. 
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APPENDIX A 


DBMS-10 FEATURES 

The DBMS package available on DEC System - IO 9 O is a 
group of programs that enable an installation to create, 
access, and maintain one or more data bases. It is based on 
1971 CODASYL Data Base Task Group proposals. 

A data base is a collection of inter-related data 
records structured and linked so that run-units can access 
them without regard to the physical storage medium. 

Components of DBMS! 

DBMS consists of the following programs and modules! 

SCHEMA! The translator that processes the languages used 

to describe the data bases. It also allocates and 
initializes the storage space for the data base. 

IBMENDi A utility program for back-up and recovery of 
portions of the data base. 

DBINFO! A utility program that produces several reports such 
as cross reference listings and dmps of the database. 

COBOL DBMS Modules The module of the COBOL Compiler that 
process database accessing statements. 

The object^time module of DBMS used with FORTRAN and 
COBOL object-time systems to access the database. 


DBCSs 



DATA DESCRIPTION OF DATABASE; 


ThG data d ©script ion of th© database will be preceded 
by mapping of areas to on© or more physical storage volumes 
using Device Media Control Language (DMCL). In the DMCL of 
DBMS-10, there are two types of entries. 

i) DMCL Environment Entry; 

This specifies the parameters that apply to the Schema 
as a whole e.g., the types of exceptions to be noted and the 
name of the journal file. 

ii) DMCL Area Entry; 

This assigns areas to files and specifies the physical 
characteristics of these files. 

The data description of a database in the Schema Data 
Description Language (DDL) consists of five major sections. 

i) An introductory clause 

ii) One or more AREA clauses 

iii) One or more RECORD clauses 

iv) One or more SET clauses 

v) One or more SUB-SCHEM clauses 

The introductory clause is used to name the database. 

An AREA is a logical subdivision of the database, which 
corresponds to a file* While we think of a database as being 
a single integrated collection of data, it is often desirable 
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to subdivide such a data base into multiple logical sub units, 
in order to implement special security, and integrity cons- 
traints and to control the performance and cost of implementa- 
tion. The AREA description in the Schema DDL enables to name 
these subdivisions of tho database and to keep LOCKS on these 
areas for different kinds of opening of these areas. 

For every record type in a database, there exists a 
description in the Schema DDL. A Schema RECORD description 
consists of information about the record types such as its 
storage and location mechanism, and information about the 
area in which the record type may be placed. The RECORD 
description contains a description of all data items that 
constitute the record type. The occurrences of the record 
type are the units of data transfer between the stored data 
base and an application program. ■ Thus, the application 
program interface uses a 'record at a time' logic (one record 
occurrence is delivered or stored for each command) in access- 
ing the database/ 

For each set type in a database, a separate SET 
description is v/ritten in the Schema DDL, Each SET descrip- 
tion names the set type, specifies the oymer-record type and 
member-i'ecord type or types and states detailed information on 
how occurrences of the set are to be ordered and selected. 

The Schema defines the entire database that is stored 
and available to all users. But an application program may 
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need to view only some parts of the database, as well as to 
make some simple changes. The sub-schema DDL allows a data 
base administrator to delimit the portions of a database (as 
described in the Schema) which are to be made available to 
the application programs. It also enables the database 
administrator to define logical record types (part of the 
record type only). The description of SUB-SCHEMA entry has 
four sections namely, SUB-SCHEMA entry, AREA section, RECORD 
section and SET section. 
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